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t BacillusAbstract In this study, we identiﬁed some Bacillus sp. from soil by16S rDNA sequence analysis
and tested the efﬁcacy of essential oil and various organic extracts from Cassia sophera L. against
those isolated bacteria. We also determined the chemical composition of the essential oil which was
analyzed by GC–MS. Twenty-nine compounds representing 94.14% of the total oil was identiﬁed.
The zones of inhibition of essential oil and organic extracts against the tested bacteria were found in
the range of 12.6–24.9 mm. Among all the extracts, ethanol extract showed the highest activity
against Bacillus megaterium with an MIC value of 62.5 lg/ml. In most of the cases, the essential
oil and organic extracts exhibited similar or higher antibacterial activity than the standard drug.
The results of this study suggest that the essential oil and organic extracts of C. sophera L. can
be a source of natural antimicrobial agents with potential applications.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Currently there is a growing interest to use natural antibacte-
rial compounds, like essential oils and extracts of various spe-
cies of edible and medicinal plants, herbs, and spices which071 62201 6/62005 6x2438,
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sp. from soil. Arabian Journal ofhave long been used as natural agents for food preservation
in food and beverages due to the presence of antimicrobial
compounds (Nychas et al., 2003). In general, plant derived
essential oils are considered as non-phytotoxic compounds
and potentially effective against microorganisms. However, it
has also been evident that when essential oils are inappropri-
ately used, they can give rise to adverse effects to humans such
as skin irritation, headache and nausea (Aromacaring, 2004).
Caution is generally required if essential oils are to be taken
internally or used on food commodities because of the possible
cancer-causing effects by some of them (McGufﬁn et al., 1997).
Members of the aerobic spore-forming genus Bacillus sp.
and other closely related species can be recovered from almosting Saud University.
ition and antibacterial activity of the essential oil and various extracts
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2 M.M. Rahman et al.every type of environment in the biosphere. Bacillus sp. and re-
lated genera have been associated with food spoilage such as
ropy bread (Sorokulova et al., 2003) besides causing several
human infections that cause a range of diseases (Tena et al.,
2007), and incidents of food borne illness (Dierick et al.,
2005).As bacterial control agents, Agrobacterium, Pseudomo-
nas, Alcaligenes, Streptomyces, and others have been reported
(Shoda, 2000). But Pseudomonas already have a long history as
candidates for bacterial control agents and some reviews and
reports of intensive research have been published (Shoda,
2000), and recent advances in the use of Bacillus sp. are empha-
sized. There is a considerable interest in using Bacillus subtilis
producing lipopeptide antibiotics like iturin A and surfactin as
a biocontrol agent and repressive activity over plant pathogens
(Bais et al., 2004). Bacillus species produce many kinds of anti-
biotics which share a full range of antimicrobial activity such
as bacitracin, pumulin and gramicidin (Todar, 2005).
Cassia sophera L. (Caesalpiniaceous) is a medicinal plant of
Bangladesh and the Indian subcontinent, which is widely used
as an antihistamine and antioxidant. According to the physi-
cians of Unani medicine, three plants are mentioned viz., Celtis
occidentalis L., C. sophera L. and C. sophera L. var. purpurea
Roxb. (Ahmad-Billal et al., 2005). In ethno botanical literature
of C. sophera L., it is mentioned to be effective in the treatment
of pityriasis, psoriasis, asthma, acute bronchitis, cough,
diabetes and convulsions of children (Kirtikar and Basu,
2000; Rahman et al., 2009).Therefore, the aim of this study
was to determine the chemical composition of the essential
oil from the leaves of C. sophera L. by GC–MS and to evaluate
the antimicrobial activities of the essential oil and various or-
ganic extracts against some Bacillus sp.2. Experimental
2.1. Isolation and identiﬁcation of bacteria from soil
20 g of fresh collected soil were suspended in sterile NaCl (0.9%)
and maintained on a rotary shaker for 45 min at the maximum
speed. The suspensionwas serially diluted, plated on PCA (Plate
Count Agar) medium (pH 7.0, Sigma) and incubated at 30 C
under aerobic conditions for 15 days. Most representative colo-
nies were randomly collected from plates, puriﬁed by streaking
twice and stored as stock cultures in 20% (v/v) glycerol at
80 C for their genetic identiﬁcation by 16S rDNA sequencing
as previously described (Rahman et al., in press; McCaig et al.,
2001). PCRwas performed in a ﬁnal volume of 25 ll containing
buffer 10·, 1.0 unit ofTaqDNApolymerase (AmershamBiosci-
ences), 0.2 mM each of dNTPs, 200 nM of each primer 63F
50CAGGCCTAACACATGCAAGTC (Marchesi et al., 1998)
and 1389R 50ACGGGCGGTGTGTACAAG (Osborn et al.,
2000) and 50 ng template DNA. The thermal cycler (Bio Rad
ICycler 170–8740) was programed for the initial denaturation
step (94 C) of 5 min., followed by 44 cycles of 1 min. denatur-
ation along with 1 min. primer annealing (37 C) and 2 min. pri-
mer extension (72 C), followed by the 7 min primer extension
(72 C) step. The ampliﬁed DNA was visualized by gel electro-
phoresis. The most similar bacterial species was found in the
GenBank by using BLAST search (http://www.ncbi.nlm.nih.
gov). Neighbor-joining phylogenetic trees were constructed
based on 16S rDNA sequences using Jalview version 2.7.Please cite this article in press as: Rahman, M.M. et al., Chemical compos
from Cassia sophera L. against Bacillus sp. from soil. Arabian Journal of2.2. Plant material
The leaves of C. sophera L. were collected from the local mar-
ket of Kushtia of Bangladesh in March 2011 and identiﬁed by
Bangladesh National Herbarium, Dhaka. The voucher speci-
men number is DACB 38078.
2.3. Isolation of the essential oil
About 200 g powdered leaves of C. sophera L. were subjected
to hydrodistillation for 3 h using a Clevenger type apparatus.
The oil was dried over anhydrous Na2SO4 and preserved in
a sealed vial at 4 C until further analysis.
2.4. Preparation of organic extracts
The air-dried powdered leaves (100 g) of C. sophera L. were ex-
tracted with 250 ml of each organic solvent (hexane, chloro-
form, ethyl acetate and methanol) separately for 7 days at
room temperature and the solvents were evaporated by vac-
uum rotary evaporator (EYELA N-1000, Japan). The extrac-
tion process yielded hexane (7.3 g), chloroform (6.2 g), ethyl
acetate (7.4 g) and methanol (6.5 g) extracts. Solvents (analyt-
ical grade) for extraction were obtained from commercial
sources (Sigma–Aldrich, St. Louis, MO, USA).
2.5. Gas chromatography–mass spectrometry (GC–MS)
analysis
The GC–MS was carried out using total ion monitoring mode
on a Varian 3800 gas chromatograph interfaced to a Varian
Saturn ion trap 2200 GC–MS spectrometer. The temperatures
of transfer line and ion source were 280 and 275 C respec-
tively. Ions were obtained by electron ionization mode. The
VF-5 capillary column (30 m length, 0.25 mm I.D. and
0.25 lm ﬁlm thickness) were used. A 20% split injection mode
was selected with a solvent delay time of 3 min. with an injec-
tion volume of 0.2 ll. The initial column temperature was
started at 50 C for 1 min., programed at 8 C/min to 200 C
and heated until 280 C at 10 C/min. Injection port was set
at 250 C. Helium was used as the carrier gas at a constant
ﬂow rate of 1.0 ml/min. Molecular ions (mass range: 40–
500 m/z) were monitored for identiﬁcation. The relative per-
centage of the oil constituents was expressed as percentage
by peak area normalization. Identiﬁcation of components of
the essential oil was based on their retention indices, relative
to a homologous series of n-alkane (C8–C20) on the VF-5 cap-
illary column under the same operating conditions and com-
puter matching with the GC–MS spectra from the Wiley 6.0
MS data and literature data (Adams, 2007).
2.6. Antibacterial assay
The dried extracts were dissolved in the same solvent used for
their extraction and sterilized by ﬁltration using a 0.22 lm ster-
ile Millipore ﬁlter (Millipore Corp., Billerica, MA, USA).
Then the antibacterial test was carried out by agar disc diffu-
sion method (Murray et al. 1995) using 100 ll of standardized
inoculum suspension containing 107 CFU/ml of bacteria. The
essential oil was diluted 1:5 (v/v) with methanol and aliquotsition and antibacterial activity of the essential oil and various extracts
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per discs (6 mm diameter); while 10 ll of 30 mg/ml of each or-
ganic extract (300 lg/disc) was applied on the ﬁlter paper discs
and placed on the inoculated LB agar medium. Negative con-
trols were prepared using the same solvents employed to dis-
solve the samples. Standard antibiotic, streptomycin (10 lg/
disc) and kanamycin (30 lg/disc) from Sigma–Aldrich Co.,
St. Louis, MO, USA) was used as positive control for the
tested bacteria. The plates were incubated micro aerobically
at 37 C for 24 h. Antibacterial activity was evaluated by mea-
suring the diameter of the zones of inhibition against the tested
bacteria. Each assay in this experiment was replicated three
times.
2.7. Minimum inhibitory concentration (MIC)
The minimum inhibitory concentration (MIC) of essential oil
and organic extracts was assessed according to Al-Reza et al.
(2011). Active cultures for MIC determination were prepared
by transferring a loopful of cells from the stock cultures to
ﬂasks and inoculated in LB medium and incubated at 37 C
for 24 h. The tested samples were incorporated into LB broth
medium to get the ﬁnal concentration ranging from 0 to
1000 lg/ml. Finally, 20 ll inoculums of each bacterial strain
(107 CFU/ml) was transferred to each tube and the tests were
performed in a volume of 2 ml. The control tube contained
only organisms and not the tested samples. The culture tubes
were incubated at 37 C for 24 h. The lowest concentration
of the test samples, which did not show any visual growth of
tested organisms after macroscopic evaluation, was deter-
mined as MIC, which was expressed in lg/ml.
3. Results and discussion
3.1. Identiﬁcation of bacteria
Molecular identiﬁcation was developed and adopted almost
20 years ago to detect bacterial species and is generally basedTable 1 List of identiﬁed bacteria in this study.
Name of strains Name of bacteria
Xb17 B. simplex
Hb21 B. cereus
Hb42 B. megaterium
Db26 Paenibacillus sp. BF38
Db8 Paenibacillus sp. L3
Xb10 Terribacillus sp. 3LF
Figure 1 Phylogenic tree of identiﬁed bacteria. The phylogenic tr
percentages of 100 replications) are shown at branch points; values gre
unit length of the number of nucleotide substitutions per site.
Please cite this article in press as: Rahman, M.M. et al., Chemical compos
from Cassia sophera L. against Bacillus sp. from soil. Arabian Journal ofon the identiﬁcation of some unique parts of their 16S rDNA
(Lynch et al., 2004). Therefore, 16S rDNA-based techniques
have been widely used to characterize microbial community
structure in soil samples (Rahman et al., in press; Li et al.,
2006). DNA was extracted from soil isolates. 16S rDNA was
subjected to PCR to amplify for identiﬁcation of bacterial spe-
cies and ampliﬁed 16S rDNA products were conﬁrmed by gel
electrophoresis through the visualization of their band pat-
terns. Based on the 16S rDNA sequences, the bacteria were
identiﬁed as the following Bacillus sp. as compared with the
known sequences in the public databases in NCBI and the
BLAST results are given in the Table 1. Phylogenic tree are
constructed as in Fig 1. The sequences of isolates are showing
maximum similarity of 100% for Bacillus simplex, Bacillus cer-
eus, Bacillus megaterium and Paenibacillus BF38 and 99% for
Paenibacillus sp. L32 and Terribacillus sp. 3LF and shown in
Table 1.
3.2. Chemical composition of the essential oil
With the growing interest of the use of essential oils in food
and pharmaceutical industries, examination of plant extracts
for these properties has become of increasing importance (Jiro-
vetz et al., 2002; Baratta et al., 1998). Leaves of C. sophera L.
have been a traditional spice since ancient times. The steam
distillation of dried leaves of C. sophera L. gave yellowish
essential oil (yields 0.79%, w/w). The identiﬁed compounds,
qualitative and quantitative analytical results by GC–MS, are
shown in Table 2. In this study, twenty-nine constituents
accounting for 94.14% of total oil compositions were identi-
ﬁed. The oil contains a complex mixture in which Benzyl Alco-
hol (9.08%), Isoeugenol (4.94%), Germacrene D (4.82%),
Isocreosol (5.69%), Phenylethyl Alcohol (5.03%), Azulene
(4.65%), Linolenic acid (1.56%) were the major compounds.
The essential oil from spices has been known to possess biolog-
ical activities, notably antimicrobial properties, since ancient
times. It is also possible that the minor component might be
involved in some type of synergism with the other activeAccession number (%) Similarity
FJ225298 100
EU741083 100
FJ614260 100
AM934687 100
DQ196465 99
AM931170 99
ee is shown in the Phylogram. Bootstrap values (expressed as
ater than 50% were considered signiﬁcant. The bar represents the
ition and antibacterial activity of the essential oil and various extracts
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Table 2 Chemical composition of the essential oil of C.
sophera L. leaves.
RIa Compound % RAb Identiﬁcationc
1036 Benzyl alcohol 9.08 RI, MS
977 2-Heptyn-1-ol 1.78 RI, MS
1136 Phenylethyl alcohol 5.03 RI, MS
1203 Isocreosol 5.69 RI, MS
896 4-Methylhexanol 2.39 RI, MS
1069 Azulene 4.65 RI, MS
1248 Methylsyringol 2.83 RI, MS
1059 Octanol 0.87 RI, MS
1411 Benzoylnitromethane 1.09 RI, MS
1410 Isoeugenol 4.94 RI, MS
1531 Trans-Z-a-bisabolene epoxide 3.43 RI, MS
1515 Germacrene D 4.82 RI, MS
1420 Nerylacetone 1.17 RI, MS
1440 b-fernesene 2.52 RI, MS
1576 Dicyclohexyl ketone 2.21 RI, MS
1933 Methoprene 1.83 RI, MS
1698 D-glucose 1.65 RI, MS
1282 Geranyl bromide 0.89 RI, MS
1639 Diethyl phthalate 1.05 RI, MS
1561 Caryophellene oxide 4.29 RI, MS
1079 Isothujol 2.65 RI, MS
2191 Linolenic acid 1.56 RI, MS
1372 Decanoic acid 0.65 RI, MS
1782 Anthracene 1.95 RI, MS
959 Butylcyclopentane 1.17 RI, MS
1769 Tetradecanoic acid 3.21 RI, MS
1968 Hexadecanoic acid 2.95 RI, MS
1158 Cysteine 0.89 RI, MS
2045 Phytol 16.9 RI, MS
Total 94.14
RI, comparison of retention index with bibliography.
a Retention time relative to n-alkanes on VF-5 capillary column,
tr: trace amount (<0.3%).
b Relative area (peak area relative to the total peak area).
c Identiﬁcation: MS, comparison of mass spectra with MS
libraries.
4 M.M. Rahman et al.compounds. Thus, essential oil of C. sophera L. is being con-
sidered as a potential alternative to synthetic bactericides or
as a leading compound for new classes of natural bactericides.
This activity could be attributed to the presence of oxygenatedTable 3 Antibacterial activity of essential oil and various organic e
Name of bacteria Zone of inhibition(mm)
Extracts
Essential oil EtOH CHcl3
B. simplex 17.8 ± 0.5 15.8 ± 0.5 15.8 ± 0.5
B. cereus 22.2 ± 0.5 22.1 ± 0.6 21.8 ± 0.3
B. megaterium 16.4 ± 0.7 24.9 ± 0.4 19.6 ± 0.7
Paenibacillus sp. BF38 16.6 ± 0.4 19.8 ± 0.3 18.6 ± 0.4
Paenibacillus sp. L32 17.6 ± 0.7 18.4 ± 0.7 14.4 ± 0.7
Terribacillus sp. 3LF 16.6 ± 0.6 17.6 ± 0.6 20.6 ± 0.4
Diameter of inhibition zones (mm) around the discs (6 mm) impregnated
Various organic extracts (300 lg/disc).
The standard antibiotics were amoxicillin and erythromycin (10 lg/disc).
Values are given as mean ± S.D of triplicate experiment.
Please cite this article in press as: Rahman, M.M. et al., Chemical compos
from Cassia sophera L. against Bacillus sp. from soil. Arabian Journal ofmono-and sesquiterpene hydrocarbons and these ﬁndings are
in agreement with the previous reports (Shunying et al.,
2005). However, it is noteworthy that the composition of the
essential oils from a particular species of plant can differ be-
tween harvesting seasons, extraction methods, and geographi-
cal sources, and that those from the different parts of the same
plant can also differ widely (Burt, 2004) .
3.3. Antibacterial activity of essential oil and various extracts of
leaves of C. sophera L.
In this study, antibacterial activity of essential oil and different
extracts of leaves of C. sophera L. were determined against
Bacillus sp. Plants have provided a source of inspiration for
novel drug compounds as plant derived medicines have made
signiﬁcant contribution toward human health. Antimicrobial
characteristics of the herbs are due to various chemical com-
pounds including volatile oils, alkaloids, tannins and lipids
that are presented in their tissue (Con et al., 1980). Preliminary
clinical trials have documented its therapeutic use for the treat-
ment of a variety of diseases and conditions that include
cough, bronchitis, headache, eczema, fever, diarrhea, asthma,
hypertension, diabetes, and inﬂammation. In a recent survey,
pharmacological studies have been conducted on the ethanol,
chloroform, Hexane and ethyl acetate extracts of leaves of
C. sophera L. to evaluate their effects on antibacterial activity.
Some researchers noted that C. sophera L. is an emerging alter-
native antimicrobial agent for human applications (Rahman
et al., 2009; Kirtikar and Basu, 2000).Thus according to our
investigation C. sophera L. has antibacterial potential and
can be used as a potent antibacterial agent for human patho-
genic and soil bacteria.
The in vitro antibacterial activity of essential oil and various
extracts (ethanol, chloroform, hexane and ethyl acetate) of
C. sophera L. against the isolated bacteria was qualitatively as-
sessed by the presence of inhibition zones. According to the re-
sults given in Table 3, a total of six soil bacteria were tested.
The oil exhibited antibacterial activity against all tested bacte-
ria at a concentration of 10 lL of 1:5 (v/v) dilutions with eth-
anol. The oil exhibited a noticeable antibacterial effect against
the tested bacteria, with diameter of inhibition zones ranging
from 16.4 to 22.2 mm, as shown in Table 3. The results showed
that the ethanol solvent of the essential oil leaves of C. sophera
L. had the considerable antimicrobial activity. This result isxtracts of C. sophera L. leaves.
Antibiotics
Hexane EtOAc Amoxic-illin Erythro-mycin
18.8 ± 0.5 20.8 ± 0.5 10.3 ± 0.5 14.5 ± 0.8
22.2 ± 0.3 12.8 ± 0.9 10.3 ± 0.2 14.6 ± 0.5
21.9 ± 0.7 18.6 ± 0.7 12.6 ± 0.5 13.3 ± 0.9
14.2 ± 0.4 12.6 ± 0.4 10.1 ± 0.7 14.2 ± 0.3
15.2 ± 0.9 14.4 ± 0.7 12.5 ± 0.6 10.4 ± 0.4
16.6 ± 0.6 14.6 ± 0.6 10.3 ± 0.4 13.8 ± 0.6
with10 lL of 1:5 (v/v) dilutions with ethanol.
ition and antibacterial activity of the essential oil and various extracts
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Table 4 Minimum inhibitory concentration (MIC) of essential oil and organic extracts of C. sophera L. leaves.
Microorganism Minimum inhibitory concentration (lg/ml)a
EOb EtOHc Organic extracts
CHCl3
d Hexanee EtOAcf
B. simplex 62.5 125 62.5 62.5 500
B. cereus 125 125 500 500 250
B. megaterium 62.5 62.5 125 125 250
Paenibacillus sp. BF38 500 500 250 250 500
Paenibacillus sp. L32 250 500 500 250 500
Terribacillus sp. 3LF 125 250 62.5 250 62.5
a Minimum inhibitor concentration (MIC).
b Essential oil.
c Ethanol extract.
d Chloroform extract.
e Hexane extract.
f Ethyl acetate.
Chemical composition and antibacterial activity of the essential oil and various extracts from Cassia sophera L. 5similar to previous researcher’s results (Afolayan and Meyer,
1995; Kuhnt et al., 1995).
Various organic extracts from leaves of C. sophera L. also
revealed a good antibacterial activity against all bacteria, at
a concentration of 300 lg/disc (Table 3). Ethanol extract
showed the strongest antibacterial effect against B. megaterium
and B. cereus with their respective diameter zones of inhibition
of 24.9 ± 0.4 and 22.1 ± 0.6 mm, whereas chloroform extract
showed the strongest effect against B. cereus (inhibition zone
21.8 ± 0.3 mm). On the other hand, hexane and ethyl acetate
extracts showed interesting antibacterial effect with inhibition
zones in the range of 14.2 ± 0.4–22.2 ± 0.3 and 12.6 ± 0.4–
20.8 ± 0.5, respectively. In some cases, the oil and organic ex-
tracts exhibited higher antibacterial activity compared with
standard samples amoxicillin and erythromycin.
3.4. Minimum inhibitory concentration (MIC)
In this study, Bacillus sp. was found to be more susceptible to
the essential oil. As shown in Table 4, the MIC values for the
oil were found to be lower for B. megaterium, B. simplex, Ter-
ribacillus sp. 3LF and B. cereus, (62.5–125 lg/ml) than for Pae-
nibacillus sp. L32 and Paenibacillus sp. BF38 (250–500 lg/ml).
The MIC values of the organic extracts of ethanol, chloro-
form, hexane and ethyl acetate against the tested bacteria were
found in the range of 62.5–500 lg/ml (Table 4) the highest
MIC values suggest that the leaf extracts are less susceptible.
The antibacterial activity of organic extract could be attributed
to the presence of some bioactive phytochemicals (alkaloids,
ﬂavonoids, steroids, terpenoids, etc.) in leaves of C. sophera
L. These ﬁndings are in agreement with the previous report
(Rahman et al., 2009) from literatures that C. sophera L. has
those compounds).
4. Conclusions
The leaves of C. sophera L. have the important antimicrobial
activity against the tested strains. In this regard, the use of
spice and their volatile compounds as natural preservatives
in food products may be an alternative to the use of chemical
additives. The essential oil leaves of C. sophera L. which con-
tain oxygenated monoterpenes and scsquiterpene possess sig-
niﬁcant antibacterial behavior. The observed activities mayPlease cite this article in press as: Rahman, M.M. et al., Chemical compos
from Cassia sophera L. against Bacillus sp. from soil. Arabian Journal ofprovide a support for some of the uses in ethnomedicine.
Our results could provide useful data for the utilization of this
oil, in food, pharmaceutical or cosmetic ﬁelds.Acknowledgment
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